Background-Cangrelor is an intravenous ADP receptor antagonist that leads to potent and reversible inhibition of platelet aggregation. The relative safety and efficacy of some antiplatelet drugs in women has been disputed. Continuing medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz. 
B
ecause women remain underrepresented in clinical trials, 1, 2 there exists uncertainty regarding the relative benefit and risk of established and novel antiplatelet therapies in women for the management of cardiovascular disease. In particular, concerns have been raised that the relative risk of thrombosis and bleeding in response to antiplatelet therapy may differ between men and women, [3] [4] [5] [6] and this may therefore influence the net clinical benefit of further intensification of antiplatelet therapy for individual patients.
Clinical Perspective on p 255
Cangrelor is a potent intravenous inhibitor of the P2Y12 receptor that has a rapid onset and a half-life of 3 to 6 minutes, with offset of pharmacodynamic effect within 1 hour. 7 Cangrelor's pharmacological profile is consistent regardless of sex, age, or renal or hepatic function. 8, 9 In patients scheduled to undergo elective or urgent percutaneous coronary intervention (PCI), cangrelor reduced the incidence of cardiac ischemic events and stent thrombosis (ST) as compared to clopidogrel without a significant increase in bleeding. Since thrombotic and bleeding complications at the time of PCI remain a major concern, we examined the relative efficacy and safety of cangrelor in women versus men in a prespecified analysis of the CHAMPION (Cangrelor versus Standard Therapy to Achieve Optimal Management of Platelet Inhibition) PHOENIX trial. 10 
Methods

Patient Population and Study Treatment
The design and results of the CHAMPION PHOENIX trial have been previously reported. 10, 11 In brief, CHAMPION PHOENIX was a double-blind, double-dummy trial that enrolled 11 145 patients undergoing urgent or elective PCI and randomized them before PCI to either cangrelor (iv bolus then infusion) or clopidogrel (300 mg or 600 mg loading dose) on a background of guideline-recommended therapy. At the end of the infusion, patients were administered either 600 mg of clopidogrel (cangrelor arm) or matching placebo (clopidogrel arm). Aspirin (75 mg to 325 mg) was to be administered in all patients, in addition to a maintenance dose of clopidogrel during the first 48 hours. The choice of periprocedural anticoagulant was left to the discretion of the treating physician. The use of a glycoprotein IIb/ IIIa inhibitor was allowed only as rescue therapy during PCI.
Patients were considered eligible for enrollment if they were ≥18 years of age and required PCI for treatment of stable angina or an acute coronary syndrome. Relevant exclusion criteria included administration of a P2Y12 inhibitor or abciximab in the past 7 days or the use of eptifibatide, tirofiban, or fibrinolytic in the 12 hours before randomization. Patients were also excluded if they were perceived to be at increased risk of bleeding, including ischemic stroke in last year or previous hemorrhagic stroke, intracranial aneurysm or arteriovenous malformation, recent (<1 month) trauma or major surgery, those currently receiving warfarin or with signs of active bleeding.
The study protocol was reviewed and approved by institutional review committees and all subjects gave informed consent prior to participation.
End Points
The primary efficacy end point was the composite of death from any cause, myocardial infarction (MI), ischemia-driven revascularization, or ST at 48 hours after randomization. The key secondary end point was ST at 48 hours which included definite ST according to the Academic Research Consortium definition and intraprocedural ST. 10, 12 As a secondary analysis, efficacy outcomes were collected through 30 days. Safety outcomes were only collected through 48 hours because off-treatment bleeding events that occurred outside of the first 2 days would not be anticipated to be study drug-related based on the rapid pharmacokinetics of cangrelor.
The key safety end point was severe bleeding not related to coronary artery bypass graft according to the GUSTO classification system. 13 Other bleeding definitions were also applied including the Thrombolysis in Myocardial Infarction (TIMI) 14 and Acute Catheterization and Urgent Intervention Triage strategY (ACUITY) 15 bleeding classifications.
All deaths, cardiac ischemic events, and STs were independently adjudicated by a clinical events committee. Bleeding end points were not adjudicated, but were captured by the site.
Statistical Analysis
Baseline characteristics were compared using t-tests for continuous variables and χ 2 or Fisher exact tests for categorical variables. Primary efficacy analyses were conducted in the modified intentionto-treat population comprising those patients who underwent PCI and received study drug. Safety analyses were conducted in the safety population that included all patients who underwent randomization and received ≥1 dose of the study drug according to the actual treatment received. End points are reported as incidence rates at 48 hours. Difference between treatment groups was tested using the Pearson χ 2 statistic as well as odds ratios (ORs) and their corresponding 95% confidence intervals (CIs). Analyses were adjusted for any imbalances (P<0.10) in baseline characteristics between randomized treatment arms when stratified by patient sex. Because the female subgroup was relatively underpowered in comparison with the male subgroup, potential confounders identified in the male subgroup were also included as covariates in the female-only models, including previous MI, history of heart failure, peripheral arterial disease, previous coronary artery bypass graft, or abnormal cardiac biomarkers. To assess the homogeneity of the crude odds ratios in the sex subgroup analyses, a Breslow-Day statistic was used. A multivariable model was created to examine independent predictors of the primary efficacy outcome and GUSTO severe or moderate bleeding; a complete list of covariates is included in the online-only Data Supplement.
Nominal P values are reported, and no adjustment was made for the comparison of multiple outcomes; all tests were 2-sided with a P value <0.05 considered to be significant. Analyses were performed using SAS version 9.3 (Cary, NC).
Results
Of 11 145 patients enrolled in the CHAMPION PHOENIX trial, 3051 subjects (28%) were female. Women were more likely than men to be older and have a history of diabetes mellitus, hypertension, hyperlipidemia, previous stroke or transient ischemic attack, and were more likely to be enrolled in the United States in comparison with other regions (Table 1) . Women were more likely than men to be enrolled with a qualifying event of stable angina or non-ST-segment-elevation myocardial infarction whereas men were more frequently enrolled with ST-segment-elevation myocardial infarction. Women tended to have a lower weight, and were less likely to be smokers or have a previous history of MI or coronary revascularization. Women had a lower baseline hemoglobin and hematocrit than men ( Table 1 ). The choice of clopidogrel loading dose and the use of unfractionated heparin and bivalirudin were similar for both sexes, but men were more likely to be administered aspirin. The median duration of PCI was longer in men than women, but the choice of access site (femoral versus radial) was similar for both sexes (Table 1) .
After multivariable adjustment, female sex was independently associated with increased odds of the primary efficacy outcome (OR, 1.31; 95% CI, 1.03-1.67) and GUSTO The efficacy of cangrelor in women toward reducing the primary end point appeared to be primarily driven by the aforementioned reduction in ST, in addition to a 38% reduction in the odds of MI (adjusted OR, 0.62; 95% CI, 0.44-0.89; P=0.01) and a 56% reduction in the odds of ischemia-driven revascularization (adjusted OR, 0.44; 95% CI, 0.18-1.08; P=0.07; Table 2 ). In men, cangrelor was associated with a 12% lower odds of MI (adjusted OR, 0.88; 95% CI, 0.70-1.11; P=0.28; P interaction=0.15) and a more neutral effect on the odds of ischemia-driven revascularization (adjusted OR, 1.04; 95% CI, 0.56-1.90; P=0.91; P interaction=0.18; Table 2 ).
Directionally consistent results were observed when the efficacy of cangrelor by patient sex was examined at 30 days (Table I in Table 3 ). In contrast, an excess in GUSTO moderate bleeding was not observed in male patients treated with cangrelor as compared to clopidogrel (0.2% versus 0.2%, P=0.68; P interaction=0.04). The increase in GUSTO moderate bleeding in women was explained by a higher incidence of blood transfusions in cangrelor-treated women (1.1% versus 0.3%, P=0.01), as compared with those treated with clopidogrel. Cangrelor did not increase the odds of blood transfusions in men (0.2% versus 0.3%, P=0.56; P interaction=0.03). Intracranial hemorrhage was infrequent in both men and women and not significantly increased with use of cangrelor in either sex (Table 3 ). There were no confirmed fatal bleeding events. Additional bleeding end points are shown in Table 3 .
Net Clinical Benefit
The net clinical benefit (composite of the primary efficacy and safety end points) favored cangrelor as compared with clopidogrel in both women (adjusted OR, 0.68; 95% CI, 0.50-0.92; P=0.01) and in men (adjusted OR, 0.87; 95% CI, 0.71-1.06; P=0.17; P interaction=0.26). Consistent results were observed with cangrelor when moderate bleeding was included in the net benefit outcome (primary end point or GUSTO moderate or severe bleeding) in both women (adjusted OR, 0.78; 95% CI, 0.58-1.04; P=0.09) and men (adjusted OR, 0.86; 95% CI, 0.70-1.05; P=0.14; P interaction=0.73; Table 2 ).
Discussion
In the current prespecified subgroup analysis of the CHAMPION PHOENIX trial, cangrelor demonstrated a consistent reduction in the odds of major adverse cardiovascular events (MACE) and ST in both male and female patients. In particular, cangrelor reduced the odds of the primary end point by 32% and the odds of ST by 61% in female subjects as compared with those treated with clopidogrel. By comparison, cangrelor was associated with a 15% reduction in the odds of MACE and a 16% reduction in the odds of ST in male subjects without evidence of heterogeneity by sex. Although some previous reports have demonstrated sex-based differences in response to some antiplatelet therapies, [3] [4] [5] 16 the observed benefit with cangrelor was consistent in female and male patients.
Although it remains unclear whether true biological differences exist at the level of the platelet, several previous studies have demonstrated that women have higher baseline platelet reactivity as compared with men. [17] [18] [19] Therefore, a strategy of platelet inhibition for the prevention of cardiovascular events could offer particular appeal in women. Although aspirin has a comparable pharmacodynamic response in both women and men, women have higher on-treatment platelet reactivity *Analyses were adjusted for a history of previous MI, previous heart failure, peripheral arterial disease, previous coronary artery bypass graft, or abnormal cardiac biomarkers.
on aspirin owing to their higher platelet reactivity levels at baseline. 18 For clopidogrel, some reports have suggested that its pharmacodynamic response in women may be attenuated thereby leading to a higher proportion of clopidogrel hyporesponders. 20, 21 These observations have contributed to a greater need to adequately evaluate novel antiplatelet therapies in both women and men. In a meta-analysis of trials for aspirin use in the primary prevention of cardiovascular disease, aspirin reduced cardiovascular events in both women and men, but the benefit of aspirin in women was primarily toward stroke reduction, whereas aspirin reduced the risk of MI in men. 5 In the Antithrombotic Trialists' Collaboration, the clinical benefit of aspirin in women was diminished when compared with men when primary and secondary prevention studies were combined, but this difference was no longer significant once adjusted for multiple comparisons. 22 Subsequently, in a meta-analysis of randomized trials that studied clopidogrel, clopidogrel had comparable efficacy toward MACE reduction in both women and men, but the benefit of clopidogrel in women was driven primarily by a reduction in MI, whereas men had a more robust reduction in the risk of MI, stroke, and all-cause mortality. 23 A meta-analysis of trials of glycoprotein IIb/IIIa inhibitors uncovered a significant interaction in efficacy between men and women with a potential signal toward harm in female patients. However, when the female population was restricted to those with elevated troponin levels, there appeared to be a more consistent benefit regardless of sex.
3 Notably in the current analysis, cangrelor demonstrated marked efficacy in women during the periprocedural period even though the majority of patients were enrolled with stable angina and had normal baseline cardiac biomarkers.
In the current analysis, although severe and life-threatening bleeds were similar regardless of treatment arm, we observed an increase in the risk of GUSTO moderate bleeding with cangrelor in women (0.9% versus 0.3%) that was not seen in male patients (0.2% versus 0.2%; P interaction=0.04). However, it is relevant that the definition of a GUSTO moderate bleeding event includes any bleeding that requires transfusion (without hemodynamic compromise). Because the decision to transfuse is often based on the patient's hemoglobin concentration, it is notable that women had a lower baseline hemoglobin concentration than men at study entry. Therefore, it is plausible that this baseline difference between sexes may have contributed to a higher frequency of blood transfusions in female patients. To that end, the odds of bleeding with cangrelor were more comparable in both women and men when alternate bleeding definitions were applied. Nonetheless, women overall had a higher incidence of bleeding than men regardless of therapy, as has been noted in prior PCI analyses, 24 and a nonsignificant trend was observed across alternate bleeding definitions toward more bleeding in cangrelor-treated women than those treated with clopidogrel. One cannot exclude that higher age, a lower body mass index, and other comorbidities in women may have explained the observed bleeding signal. Importantly, the net clinical benefit that considered both efficacy and bleeding (including GUSTO severe or moderate bleeding events) continued to favor cangrelor in both women and men because of the marked reduction in MACE in female patients treated with cangrelor.
Limitations of the current analysis include the fact that tests for heterogeneity are conservative and the trial was not powered to examine outcomes within individual subgroups. Exploration within patient subgroups may increase the risk of a false-positive finding and should therefore be considered exploratory. As well, randomization was not stratified on the basis of patient sex and therefore we cannot exclude that unmeasured confounders may have differed across randomized treatment arms in either women or men. However, very few imbalances were observed between randomized treatment arms when stratified by sex because of the large size of the trial and all analyses were adjusted for potential confounders. Although the GUSTO moderate bleeding definition is based on criteria that may have been influenced by the patient's baseline hemoglobin, multiple bleeding definitions were included in the current analysis.
Because CHAMPION PHOENIX enrolled patients with either stable angina (58.1% of patients enrolled) or acute coronary syndrome, the trial did not compare the efficacy or safety of cangrelor to prasugrel or ticagrelor, which are now endorsed preferentially over clopidogrel in appropriate patients in the setting of acute coronary syndrome. [25] [26] [27] These therapies are not currently recommended in the setting of elective PCI and were therefore not studied in the current trial. The current substudy is underpowered to examine whether efficacy and safety were comparable in women or men within the acute coronary syndrome or stable angina subgroups.
In summary, the current findings provide important reassurance that the efficacy and net clinical benefit of cangrelor at the time of PCI is maintained in female patients, a population historically understudied in cardiology trials. Efforts should continue to identify patient characteristics that may help to find those individuals who will derive the greatest net clinical benefit from novel antiplatelet therapies.
